The hepatic microsomal Ca2+-and Mg2+-dependent ATPase phosphoenzyme intermediates were distinguished by using the chelators EGTA and CDTA (transcyclohexane-1,2-diamine-NNN'N'-tetra-acetic acid 
It is now well established that hepatic microsomal fraction (Moore et al., 1975; Bygrave, 1978; Dawson, 1982) , as well as that derived from other tissues (Robinson & Lust, 1968; Selinger et al., 1970; Moore et al., 1974; Bruns et al., 1976; Colca et al., 1983) , are capable of ATP-dependent Ca2+ sequestration. This Ca2+-sequestering activity has generated much interest because of its possible involvement in hormone action (Andia-Waltenbaugh & Friedmann, 1978; Bygrave, 1978; AndiaWaltenbaugh et al., 1980) . Associated with hepatic microsomal Ca2+ uptake is a Ca2+-ATPase activity (Moore et al., 1975; Dawson & Fulton, 1983; Famulski & Carafoli, 1982; Andia-Waltenbaugh et al., 1980) . Studies on this Ca2+-ATPase activity have been hampered by the presence of a large Ca2+-independent ATPase activity present in the hepatic microsomal fraction (Andia-Waltenbaugh et al., 1980; Dawson & Fulton, 1983) . It is unclear if these two activities represent two enzymes, or if one enzyme is responsible for both activities. In order to address this problem, we have undertaken to examine the phosphorylated intermediate of the Abbreviations used: Ca2+-ATPase, Ca2+-dependent ATPase; Mg2+-ATPase, ATPase; CDTA, trans-cyclohexane-1 ,2-diamine-NNN'N'-tetraacetic acid; SDS, sodium dodecyl sulphate.
Ca2+-ATPase under various incubation conditions which alter the Ca2+-ATPase and basal ATPase activities.
Data are presented below demonstrating that these two activities are associated with two different enzymes. Furthermore, by varying the incubation conditions, the activities of these two enzymes may be separated.
A preliminary account of this work has been presented (Fleschner et al., 1984) . [y-32P]ATP (300-500Ci/mmol) was obtained from ICN (Irvine, CA, U.S.A.). All other reagents were of the highest purity.
Microsomal preparation
The microsomal fraction was prepared from the livers of male fed Sprague-Dawley rats as described by Moore & Kraus-Friedmann (1983) . Excised livers were minced and homogenized in ice-cold 250mM-sucrose/lOmM-Hepes/0.2mM-CaC12, pH 7.2, with a motor-driven homogenizer fitted with a Teflon pestle. The homogenate (10%, w/v) was subsequently adjusted to 0.5 mM-EGTA.
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The microsomal fraction was isolated by differential centrifugation as described by Moore et al. (1975) . The homogenate was centrifuged at 1IOOg for 10min in the SS34 rotor of a Sorvall RC2-B centrifuge. The resulting supernatant was centrifuged at 7700g for 20min in the same rotor. The microsomal fraction was sedimented from the 7700g supernatant by centrifugation at 111000g for 60min in the 42.1 rotor of a Beckman L5-50 ultracentrifuge. The microsomal fraction was resuspended in 120mM-KCl/l0mM-Hepes, pH6.8, to a final protein concentration of 20-30mg/ml.
ATPase activity assay
ATPase activity was assayed in a medium containing I00mM-KCI/20mM-Hepes/ 1 mM-NaN3, pH6.8, and various other additions as described in the Figure legends. Total volume was 0.5 ml and protein was added to 1-1.5mg/ml. The reaction was started by the addition of 2-4mM-ATP. After incubation at 37°C for 15-30min, the reaction was terminated by the addition of 2ml of ice-cold 8% (w/v) trichloroacetic acid, and the Pi liberated was measured as described by Lanzetta et al. (1979) .
Phosphorylation experiments
Phosphorylation of microsomal protein was performed in the same basic incubation medium described for ATPase activity, in a total volume of 0.5ml. Other additions to the basic incubation medium were as described in the Figure legends. Microsomal protein (1-1.5mg/ml) was incubated on ice for 5-1Os after the addition of 0.15-0.2jiM-ATP with [y-32P]ATP (100-50OCi/mmol). The reaction was terminated by the addition of 2ml of 20% trichloroacetic acid containing 0.2mM-NaH2 P04. The trichloroacetic acid-precipitated protein was processed for SDS/polyacrylamide-gel electrophoresis.
Electrophoresis and autoradiography
Trichloroacetic acid-precipitated protein was solubilized in a sample buffer consisting of 25 mmsodium phosphate (pH 5.5-6.0), 10% (v/v) glycerol, 2% (w/v) SDS, lOmM-dithiothreitol and 0.00125% Bromophenol Blue (tracking dye). Samples were applied to a 3.5%-acrylamide stacking gel containing 25 mM-sodium phosphate, pH 5.5-6.0, and 0.1% SDS, and separated on a 5%-acrylamide resolving gel containing 75 mM-sodium phosphate, pH 5.5-6.0, and 0.1% SDS. Gels were electrophoresed at 35-40mA/slab for 4-5h at room temperature in a water-cooled electrophoresis chamber.
The electrode buffer was 100mM-sodium phosphate/0.1% SDS, After electrophoresis, gels were fixed for 10min in 10% trichloroacetic acid in aq. 50% (v/v) methanol and autoradiographed at -70°C for 2-4 days. After autoradiography, the gels were stained for protein with Coomassie Blue for 30min, and destained overnight.
Calculation offree ion concentrations
Free metal ion concentrations were calculated by the method of Fabiato & Fabiato (1979) modified to run on a Hewlett-Packard 9845A computer (C. R. Fleschner, -unpublished work). The absolute stability constants used were from Fabiato & Fabiato (1979) or Sillen & Martell (1971) . The apparent stability constants at pH6.8 used were (expressed as logKa): CaEGTA, 6.003; MgEGTA, 1.377; CaCDTA, 6.226; MgCDTA, 5.696; CaATP, 3.603; MgATP, 3.957 ; K2ATP, 0.557. The calculations included the endogenous Ca2+ and Mg2+ contents of the microsomal preparations as determined by atomic-absorption spectrophotometry as described by McDonald et al. (1977) . The calculations also included the endogenous Ca2+ content of reagents as measured by Ca2+ electrode, which was calibrated as described by Bers (1982) with a standardized Ca2+ solution (Orion Research). Other methods Protein was assayed as described by Markwell et al. (1978) , with bovine serum albumin (Sigma fraction V) as standard. Routine statistical methods were utilized, and included, where appropriate, Student's t test, paired or unpaired.
Results
Microsomal fractions isolated in our laboratory have been shown to be enriched in endoplasmic reticulum, as measured by glucose-6-phosphatase activity, and to contain little mitochondrial contamination, as measured by succinate dehydrogenase activity (Andia-Waltenbaugh & Friedmann, 1978) . To prevent interference by this small amount (about 9%) of mitochondrial contamination, all experiments were performed in the presence of 1 mM-NaN3, an inhibitor of the mitochondrial ATPase (Linnett & Beechey, 1979) . The microsomal fraction also contains a small amount (about 10%) of plasma-membrane contamination, as measured by 5'-nucleotidase activity (Andia-Waltenbaugh & Friedmann, 1978) . There is probably little interference by the plasmamembrane contamination in the present studies, since the ATP-dependent Ca2+ pump of rat liver plasma membrane has an alkaline pH optimum (Iwasa et al., 1982; Kraus-Friedmann et al., 1982) , and has been found to be completely inactive at the pH used here (i.e. 6.8; Kraus-Friedmann et al., 1982) .
It is now generally accepted that hepatic endoplasmic reticulum contains a Ca2+-ATPase, thought to be responsible for the ATP-dependent Ca2+ uptake by hepatic microsomal vesicles (Famulski & Carafoli, 1982; Dawson & Fulton, 1983; Andia-Waltenbaugh et al., 1980; Moore & Kraus-Friedmann, 1983) . Studies of the microsomal Ca2+-ATPase have been hindered, however, by the large basal ATPase activity found in the absence of Ca2+, which has previously been reported by us (Andia-Waltenbaugh et al., 1980) and others (Dawson & Fulton' 1983) . This phenomenon is clearly demonstrated by the data summarized in Table 1 .
The data of (Moore et al., 1975; Famulski & Carafoli, 1982; Dawson & Fulton, 1983) have previously demonstrated, low concentrations of free Ca2+ stimulate the ATPase activity of rat liver microsomal fraction. This Ca2+-stimulated ATPase activity is tacitly ascribed to an ATPase separate from the basal Mg2+-dependent ATPase. To our knowledge, no evidence has been published to substantiate this implication.
In order to determine if these two ATPase activities represent two distinct enzymes, experiments were undertaken to examine the phosphoenzyme intermediate(s). Phosphoproteins were formed by using [y-32P]ATP under incubation conditions favourable for phosphoenzyme intermediate formation. The phosphoproteins were then separated by SDS/polyacrylamide-gel electrophoresis and located by autoradiography.
The results of a typical experiment are shown in Fig. 1(a) . In the absence of exogenous Ca2+ and in Fig. l(a) , lane 3, increasing the Mg2+ concentration to 1 mm resulted in an essentially identical phosphoprotein pattern. When Ca2+ was added, a second, larger, phosphoprotein was found. The M, of the Ca2+-dependent phosphorylation was 125000+ 3500 (S.E.M., n = 11).
Further evidence suggesting that the 125 000-Mr phosphoprotein represents the Ca2+-ATPase phosphoenzyme intermediate is provided by experiments to determine the phosphoprotein stability. The results of a typical experiment are shown in Fig. 1(b) . The trichloroacetic acid-precipitated phosphoproteins were resuspended in 0.8M-hydroxylamine/0. 15 M-sodium acetate, pH 6.0, or in 0.5M-NaOH. Controls were resuspended in 0.8M-NaCl/0. 15M-sodium acetate, pH 6.0. Samples were incubated at room temperature for 10min. The protein was then precipitated with trichloroacetic acid and processed for SDS/polyacrylamide-gel electrophoresis and autoradiography as described in the Experimental section.
As shown in Fig. 1(b) , the Ca2+-dependent phosphoprotein is labile in hydroxylamine, and in NaOH. This is typical of the acyl-phosphate intermediate of ATPases. Thus the 125 000-M, Ca2+-dependent phosphoprotein is assumed to represent the phosphoenzyme intermediate of the Ca2+-ATPase.
Interestingly, the 30000-M, Ca2+-independent phosphoprotein is stable in hydroxylamine and in NaOH. This is indicative of a phosphoester phosphoprotein. However, in experiments with a chase of unlabelled ATP it was found that the Ca2+-independent 32p incorporation was rapidly (10s) and completely abolished by the subsequent addition of unlabelled ATP (C. R. Fleschner & N. Kraus-Friedmann, unpublished work). Therefore this phosphoprotein may represent an enzyme intermediate of the phosphoester type, such as that of a phosphatase (Lazdunski et al., 1971) .
The dependence of the two phosphoenzyme intermediates on Mg2+ was examined by experiments such as that of Fig. 2 , by utilizing the two chelators EGTA and CDTA. In Fig. 2 , lane 1, the phosphorylation was performed in the basic incubation medium without any additions. The incubation medium plus microsomal fraction contains sufficient Ca2+ and Mg2+ to support phosphorylation of both enzymes. Under these conditions, the free Ca2+ and free Mg2+ concentrations were 22 M and 0.5mM respectively. The inclusion of EGTA, which dramatically lowers the free Ca2+ concentration, but has no effect on the free Mg2+ or MgATP concentrations, essentially eliminates the Ca2+-ATPase intermediate (Fig. 2, lane 2) . Addition of CDTA to the reaction mixture, to decrease both free Ca2+ and free Mg2+, resulted in elimination of both ATPase intermediates (Fig. 2,  lane 3) . Under these conditions, the MgATP concentration is also greatly decreased (to 1 nM). Supplementation of the incubation mixture with Ca2+ and Mg2+ in the presence of CDTA restores both ATPase intermediates (Fig. 2, lane 6) . The free Ca2+, free Mg2+ and MgATP concentrations under these conditions were 59uM, 0.2mM and 0.1Mm respectively. The Ca2+-ATPase intermediate detected in Fig. 2 , lane 6, is substantially less intense than that in Fig. 2 , lane 1, even though the free Ca2+ concentration is greater. This may be due to the lower free Mg2+ concentration under the conditions of Fig. 2, lane 6; or the free Ca2+ concentration under the conditions of Fig. 2 , lane 1 may have been overestimated as a result of the assumption that all of the endogenous Ca2+ of the microsomal preparation (measured by atomicabsorption spectrophotometry) was free Ca2 .
The ATPase activity of hepatic microsomal fraction was also examined under similar incubation conditions, and the results of these experiments are summarized in Table 3 . The addition of CDTA decreases the ATPase activity by approx. 84% compared with the addition of EGTA. Under these conditions, the free Mg2+ and MgATP concentrations are greatly decreased. It therefore appears that a great part of the ATPase activity of these microsomes is due to the Ca2+-independent activity. It should be noted here that, in these (and other) studies, we have noted a large variation in the Mg2+-ATPase activity of the microsomal fraction. We are unable to account for this variability at this time, other than to suggest that this may reflect variation in the endogenous Mg2+ content and/or variation in the amount of Mg2+-ATPase present in the isolated microsomal fraction.
Supplementing the CDTA-containing reaction medium with 2.2mM-Ca2+ (77pM free Ca2+) resulted in a 7.5-fold increase in the ATPase activity. This activity is probably due to both the Ca2+-ATPase and Mg2+-ATPase, since under these conditions the free Mg2+ and the MgATP concentrations are both elevated to a degree that Chan & Junger, 1983; De Jonge et al., 1981; De Smedt et al., 1983; Le Peuch et al., 1983; Tada et al., 1982) .
The Mr of the Ca2+-ATPase was estimated from SDS/polyacrylamide-gel electrophoresis of the enzyme intermediate, and was found to be approx. 125000. This is well within the range of 100000-150000 reported for the Ca2+-ATPases from rat hepatic microsomal fraction (Famulski & Carafoli, 1982) , dog heart sarcolemma (Caroni & Carafoli, 1981) , human erythrocytes (Niggli et al., 1979) , rat liver plasma membranes (Chan & Junger, 1983) , rat duodenal mucosa plasma membranes (De Jonge et al., 1981) , pig plasma membranes (De Smedt et al., 1983) , human platelet membranes (Le Peuch et al., 1983) and cardiac sarcoplasmic reticulum (Tada et al., 1982 (Lazdunski et al., 1971) and of the product of protein kinases (Tada et al., 1982 The Mg2+-ATPase is apparently responsible for the high basal Mg2+-ATPase activity of hepatic microsomal fraction noted previously by us (Andia-Waltenbaugh et al., 1980) and others (Dawson & Fulton, 1983 
